This paper examines the relationship between physical, chemical and mechanical properties and effect of the desiccation of dredged sludge. The characteristics of dredged sludge with high water content can be improved by various methods, i.e., solidification with stabilizing materials, mechanical dehydration, desiccation and stabilization by heat. The physical and chemical properties were investigated using consistency tests, ignition loss (Li) tests, pH tests, XRF analyses and X-ray diffraction analyses. The mechanical properties were measured by standard consolidation and permeability tests. The experimental results indicate that 1) desiccation can dramatically reduce the liquid limit of sludge and 2) the reduction rate of the compression indices between the original wet materials and the desiccated materials is proportional to the ignition loss of the materials when Li exceeds 12%.
INTRODUCTION
A large amount of dredged sludge is deposited in lakes and farm ponds.
Generally speaking, solidification with stabilizing materials, mechanical dehydration, desiccation, and heat stabilization are the methods available for improving the mechanical properties of the sludge for recycling. However, the use of these recycling methods in construction work and in agricultural use has been insufficient and unsatisfactory. In this study, therefore, the chemical, the physical and the mechanical characteristics of dredged sludge were measured, and relationship between these characteristics and desiccation was clarified. Since the goal of this study is to develop an improvement system with desiccations by an artificial drying method instead of the solar drying, the sludge was dried in an oven in this study.
Several works on the recycling of dredged clayey soil can be found. Fukushima et al. (2000) showed the applicability of muddy soil as an embankment material for repairing earth-fill dams. Kuratomi et al. (2004) presented the mechanical properties of cement-treated dredged clay created by dehydration under high pressure. In many research works, solidifying materials are used to improve the mechanical properties.
In the present study, however, more basic characteristics of sludge are mainly investigated and discussed.
Firstly, consistency tests, ignition loss tests, pH-tests, XRF (X-ray Fluorescence Analyses) and X-ray diffraction analyses are conducted.
In particular, change in consistency with desiccation and its relationship to the mineral components were considered. Consolidation and permeability tests were also conducted for wet and dry materials. The effect of the desiccation on the consolidation and the permeability properties were then examined.
EXPERIMENTAL MATERIALS
Soil specimens from nine farm ponds were sampled. Each soil sample was tested in its original state or in desiccated, namely, remoistened (dry) state. The soil specimens from the farm ponds were designated as Samples A, B, C, D and E. The wet and the dry state materials were designated as "w" and "d", respectively. The dry materials were made from the wet materials by drying them for 24 hours at 110 o C in a dry oven and then remoistening them. Table 1 shows the results of the XRF analyses. It can be seen that the fractions of each components of the soils were similar to each other. Fig.1 shows the results of the X-ray diffraction(XRD) analyses for Samples A and C. The peak patterns for the samples from all five farm ponds were similar to each other. The peak XRD values for the Quartz, Halloysite, Kaolinite, Illite and the Chlorite were present; especially Quartz and Chlorite were extremely highly contained. There was no difference in the peak values before and after the desiccation. The water content and the ignition loss for Samples A, D, E, F and H were higher than those for Samples B, C, G and I. As for Sample B, the liquid limit and the plasticity index were very low, and the ignition loss and Electrical Conductivity (EC) were lower than those of the other samples. The liquid limit had been drastically reduced by drying. The dry materials were supposed to lose their ability to adsorb and keep water in comparison to wet materials. The relationship between the consistency and the ignition loss was examined in Figs.2 and 3.  Fig.2 shows the relationship between the plasticity index and the ignition loss. From this figure, it was clear that there was a high correlation between the plasticity index and the ignition loss. Fig.3 shows the relationship between the ignition loss and the reduction rate for the liquid limit by desiccation. The ratio of the liquid limit of desiccated materials to that of wet materials; W L (d)/W L (w) and the desiccated materials was proportional to the ignition loss when the Li was below 12%. The reduction rate for the liquid limit was constant when the Li exceeds 12%. Fig.4 shows the particle size distribution curves of the materials. As can be showed in the figure, Samples A, D and E include relatively smaller size particles than the other samples, and the ignition loss of these samples was higher than those of the other samples.
PHYSICOCHEMICAL BEHAVIOR OF SLUDGE

CHARACTERISTIC OF CONSOLIDATION
Standard and step loading tests were conducted in this study. The loading ratio was 1:1 and the consolidation time for each step was 24 hours. In order to prepare the specimens, pre-consolidation was conducted at 60 kPa until the primary consolidation had been completed. For the dry materials, the dry sludge slurry was mixed with water, and then the sludge paste was consolidated. The specimens were cut into slices of 6 cm in diameter and 2 cm in height. Table 3 shows initial conditions of samples. We focus on result of the three samples. Fig.5 shows e -log p curves for samples A, C, and D. Initial void ratios of the desiccated materials were much smaller than those of the wet materials. Fig.6 shows coefficient of consolidation for samples A, C, and D. The c v of the desiccated materials was smaller than that of the wet materials. Taking Table 2 into consideration, the specimens whose initial void ratios were larger showed greater ignition losses. Fig.7 shows the relationship between the consolidation pressure and the coefficient of volume compressibility. The compressibility of the original wet materials was higher than that of the dry materials. Fig.8 shows the relationship between the ignition loss and compression index Cc. There was a correlation between the ignition loss and the compression index. Fig.9 depicts the relationship between the ignition loss and the reduction rate of Cc with desiccation. 
The reduction rate for the compression indices of the original wet materials and the desiccated materials was proportional to the ignition loss of the materials.
PERMEABILITY CHARACTERISTICS
Permeability tests were herein conducted by use of a triaxial cell. The difference in the total head between the inflow and the outflow sides was set at 3 m, and a steady flow of water was maintained. Table 4 shows initial condition of samples. We described especially typical samples. Fig.10 shows the relationship between the permeability and the elapsed time. The permeability of Sample B was higher than that of Sample C. According to Fig.10 , the permeability of the dry materials for Samples B and C was greater than that of the original wet materials. It was supposed as a reason that the properties of organics surrounding soil particles were changed by the desiccation and the ability of the sludge to adsorb water was decreased.
CONCLUSIONS
1. It was clarified that the liquid limits of dredged sludges were greatly reduced by desiccation, while the plastic limit showed a relatively small change. The reduction rate for the liquid limit of the original wet materials and the desiccated materials was found to be proportional to the ignition loss of the materials. The reduction rate for the liquid limit maintained a constant value in the range where the Li exceeds 12%.
2. The compressibility of the sludge was found to be dramatically reduced by desiccation. The reduction rate for the compression indices of the original wet materials and the desiccated materials was found to be proportional to the ignition loss of the materials. 3. The permeability of the sludge dramatically increased by desiccation, and this phenomenon coincided with the reduction in the liquid limit brought about by drying.
Fig.9
Relationship between the ignition loss and the reduction rate of Cc with desiccation. 
